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201B7 Day 30: ATPD IS E A TR TET-.
NMDA A'll)
Picro  Glu Highk

lono

Differentiation Day 30

£

= : - e g
Picro: 50 pM picrotoxin 2 min n=53 C
NMDA: 50 pM NMDA 2 min '
Glu: 100 uM glutamate 2 min
ATP: 100 pM ATP 2 min

High K*: 80 mM 2 min dw

lono: 5 pM ionomycin 1 min 0.2
3005 | £330/1380

Picro n=0; Glu n=0; NMDA n=0; ATP(a-c) n=35 ; HighK (d) n=5
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VAT NS

50 uM picrotoxin 2 min, 50 pM NMDA 2 min, 100 uM L-Glu 2 min, 100
uM ATP 2 min, 80 mM KCIl 2 min Of|iE%1T->7-, ATP(35/53) . highK*
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Differentiation Day 40 !
. NMDA ATP o
Picro. O 7 Highk' ﬁ

Picro: 50 pM picrotoxin 2min n=37
NMDA: 50 uM NMDA 2min

Glu: 100 pM glutamate 2min

ATP: 100 puM ATP 2min

High K*: 80 mM 2min

lono: 5 pM ionomycin 1min

Picro n=0; Glu(a,c,e) n=20; NMDA n=0; ATP(a, d) n=15; HighK (a-e) n=34 3005 _|f340/f380
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50 pM picrotoxin 2 min, 50 pM NMDA 2 min, 100 pM L-Glu 2 min, 100
uM ATP 2 min, 80 mM KCI 2 min OREEIT->7z, L-Glu(20/37) . ATP
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Recent Topics of Regulatory Science
in the Quality Area of Chemical Drugs

e &
Toru KAWANISHI

Abstract

Recent three topics in the quality area of chemical drugs are introduced as issues which should
be addressed in regulatory science. First, health hazards by adulterated drugs have occurred under
internationalization of drug production including supply of raw materials and drug distribution. To
prevent the hazard, exhaustive impurity test using LC-MS may be useful when raw materials are
selected. Second, application of science-based and risk-based modern quality management techniques
to pharmaceutical production and quality assurance was proposed and the ICH guidelines for the
application have been harmonized. For the implementation, the development and establishment of
Process Analytical Technology by co-operation among industry, government and academia group are
needed. Third, importance of regulatory science in development of innovative drugs is pointed out
by the Council for Science and Technology Policy in the Cabinet Office. The point-to consider about
quality aspects in the development of peptide drugs and nucleotide drugs should be made, because
there is no consensus open.
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Doxorubicin is an anti-cancer drug with a wide therapeutic range. However, it and its metabolites cause
'severe side effects, limiting its clinical use. Therefore, measuring the plasma concentration of doxorubicin
and its metabolites is important to study the dosing regimen of doxorubicin. We developed a rapid and sensi-
tive method by ultra-high-performance liquid chromatography with fluorescent detection for measuring the
plasma concentration of doxorubicin and its metabolites in small volumes (around 104L), enabling repeated
measurements from the same mouse. The sensitivity of 7-deoxydoxorubicinolone, a major metabolite of doxo-
rubicin, increased about 5 times than those ever reported using conventional HPLC, and the run time was
within 3min. The area under the curve (4UC,_,,,) of doxorubicin was 5.9ug h/mL similar to the value of
4.16 ugh/mL obtained previously using a conventional HPLC method. This method would provide informa-
tion that could be used to refine the therapeutic approach to doxorubicin use.

Key words

The anthracycline doxorubicin is one of the most widely
used anticancer agents, and it has a broad spectrum of ac-
tivity against a variety of malignancies."® New formulation
technologies to enhance the effectiveness and safety of this
anticancer drug are currently being developed. For instance,
long-circulating and sterically stabilized liposomes containing
doxorubicin can markedly increase tumor-specific deposi-
tion of drugs and have been approved as clinical products.”
However, the clinical use of doxorubicin is limited by the
side effect of cumulative, dose-dependent, irreversible chronic
cardiomyopathy caused by doxorubicin itself and its metabo-
lites, and optimal dose schedules remain a matter of debate.”
Therefore, measuring the plasma concentration of doxorubicin
and its metabolites is important to study the dosing regimen of
doxorubicin.

Mice are very useful small laboratory animals for nonclini-
cal research and are often used for pharmacokinetic, phar-
macological, or drug formulation studies of doxorubicin.®~"
Blood collection from the tail vein is becoming popular from
the perspective of animal protection, but it has the limitation
of small sample volumes. Therefore, it is often difficult to per-
form repeat investigations in the same animal to assess time-
dependent changes in plasma concentrations, and many mice
have to be killed for whole blood collection at each time point.

In a previous study, we succeeded in developing a method
for measuring intracellular concentrations of doxorubicin
and its metabolites by using ultra-high-performance liquid
chromatography (UHPLC).® The resolution, sensitivity, and
speed of analysis dramatically increased with the use of 2-um
particles in the stationary phase, high linear velocities for
the mobile phase, and instrumentation that operates at higher
pressures than those used in HPLC.>™'V Specifically, the quan-
titation limit of doxorubicin was about 2 times lower than the
limit ever reported using conventional HPLC, and run time
was shorten from 20min to within 3min,'>"® Because of the
high sensitivity of our method and the small sample volumes
(around 10uL) required, in the current study we were able to
measure changes in the concentration of doxorubicin and its
metabolites over time in a single mouse, thereby diminish-
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ing the number of animals needed. This method would also
have clinical utility, because the reduction of sample volumes
and analytical times would decrease the burden of therapeutic
drug monitoring (TDM) for patients.

Experimental

Drugs and Chemicals Doxorubicin hydrochloride, dau-
norubicin hydrochloride, and verapamil were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Doxorubicinol hydrochloride, and 7-deoxydoxorubicinolone
were purchased from Toronto Research Chemicals Inc. (North
York, Canada). Doxorubicinolone was synthesized from doxo-
rubicinol by acidic hydrolysis (0.5n HCI) at 50°C for 24h,
and then extracted with chloroform by a liquid-liquid extrac-
tion method.' Stock solution of each chemical was prepared
by weighing separately. The primary stock solution of each
chemical was prepared in methanol at 0.35 or 0.1 mg/mL and
stored at —80°C. The standard solutions for validation data
were obtained by mixing each chemical with mouse blank
plasma.

Preparation of Mouse Plasma Samples for HPLC
Doxorubicin was administered at 10mg/kg by tail vein injec-
tion into female Balb/c mice purchased from CLEA Japan,
Inc. (Tokyo, Japan). Blood was collected from the tail vein
into heparinized capillaries 10, 20, 40, and 60min and 2, 6,
and 24h after doxorubicin administration. Plasma obtained
from the blood sample (about 10xL) was mixed with saline,
50% methanol, and ZnSO, (final concentration: 400mg/mL)
and centrifuged at 15000g for 10min in a microcentrifuge
(Model 3740, Kubota Corp., Tokyo, Japan); the supernatants
were then collected. Plasma and saline volumes were adjusted
so that the concentration of each compound was within the
calibration curve range. A 15-uL aliquot of each supernatant
was mixed with Syl of the internal standard (daunorubi-
cin, 10pg/mL in methanol), 22.5ul ice-cold methanol, and
7.5uL Milli-Q water, and filtered through a 0.20-um filter
(Millex-LG, Millipore Corp., Tokyo, Japan). The filtrates were
transferred to autosampler vials before UHPLC analysis. All
experimental procedures were approved by the institutional
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animal care and use committee.

HPLC Conditions High-throughput quantification of
doxorubicin and its metabolites was performed in a Hitachi
LaChrom ULTRA system equipped with an L-2160U pump,
an L-2200U automated sample injector, an L-2300 thermostat-
ted column compartment, and an L-2485U fluorescence detec-
tor (Hitachi, Tokyo, Japan).®

Samples were analyzed on a Capcell Pak CI18 IF column
(2.0X50mm; particle size, 2um; Shiseido Corp., Tokyo,
Japan). The mobile phase consisted of a mixture of 50mm so-
dium phosphate buffer (pH 2.0) and acetonitrile (65:27, v/v).
The mobile phase was delivered at a rate of 3004L/min, and

OH

carbonyl
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the column temperature was maintained at 25°C. The fluores-
cence detector was operated at an excitation wavelength of
470nm and an emission wavelength of 590nm.

Pharmacokinetics  Analysis Pharmacokinetics  were
analyzed by noncompartmental analysis using Phoenix
WinNonlin V6.1 software (Pharsight Corporation, CA,
U.S.A).

Results and Discussion

Doxorubicin is mainly metabolized in liver, and the esti-
mated metabolic pathway was shown in Fig. la. According to
a report where human metabolism of doxorubicin was studied
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Schematic Showing the Chemical Structures of Doxorubicin and Its Metabolites (a) and the Chemical Structure of Daunorubicin, the Internal



